members of the bleomycin family, their derivatives and degradation products were investigated for activities against prolyl hydroxylase together with their activities of DNA chain breakage to determine relationships between the structure of bleomycin and its various actions. All the bleornycins with various terminal amine parts and desamide bleomycin stimulated the enzymatic activity but did not exhibit an effect on DNA chain breakage.
The stimulatory activity of bleomycin was not decreased by hydrolysis with 0.3 N H2SOa at 80°C for 6 hours, conditions which liberates the sugar moiety, but was eliminated by hydrolysis with 6 N HCl at 105°C for 24 hours. In contrast both treatments decreased the DNA chain breakage activity of bleomycin.
Optical spectral studies revealed that all the bleomycins and their hydrolysates which stimulated the prolyl hydroxylase activity made complexes with ferrous ion, one of the cofactors of this enzyme. Preparation of labeled DNA: Tritium-labeled DNA was prepared as described by MARMUR") from E. co/i C 600 T (-), the DNA of which was labeled by incubation of the bacteria in a synthetic medium containing [methyl-'Hi thymine (I pCi;ml).
Estimu.tion of the rate of DNA chain breakage:
The activity of bleomycin was assayed by determining the proportion of labeled DNA soluble in 0.5 N trichloroacetic acid. The standard reaction mixture (0.5 ml), containing Tris-HCI buffer (pH 8.0) 50ltmol; dithiothreitol 0.03 pmol; bleomycin 0.1 pmol, and labeled E. co/i DNA (5,000 dpm), was incubated at 30°C for 20 minutes. After the addition of 0.1 ml of carrier albumin and 0.1 ml of cold 35% irichloroacetic acid, the supernatant was counted in 10 ml of BRAY'S solution.
Assay of enzyme: Prolyl hydroxylase activity was assayed essentially according to the method of HUTTON et a/.211) Each assay mixture had a volume of I ml and contained the following: Tris-HCI buffer (pH 7.5) 200 ,umol; sodium ascorbate 2 /Amol; FeSO4 0.01 ,umol; x-ketoglutarate 0.4 /cmol; catalase 100 ,ug; peptidyl proline [4-3H]-substrate (300,000 dpm); enzyme preparation (0.01 /tg of protein). The reaction was carried out for 15 minutes at 37°C aerobically with shaking and stopped by adding 0.1 ml of :50% trichloroacetic acid. Tritiated water formed was collected by vacuum distillation. Radioactivity was determined in a liquid scintillation spectrometer using BRAY'S solution. Prolyl hydroxylase was purified from rat fetuses by affinity chromatography as described in the previous report".
Spectroscopic studies: Spectroscopic measurements were performed on a Hitachi Recording Spectrophotometer 323. Thunberg (ell with 10-mm light path was used.
Results and discussion
The effect of bleomycins with various terminal amine residues on prolyl hydroxylase was investigated and the results are shown in Table I together with their activities of DNA chain breakage. All the bleomvcins tested with the different terminal amine substitution had stimulatory activities for prolyl hydioxylase. These results suggest that terminal amine parts are not important for this activity. On the other hand, the activities of bleomycins to break bacterial DNA chain were somewhat different, e.g., demethyl Aa and A5032 were 2 times weaker than bleomycin A2.
As shown in Table 2 , the stimulatory activity of bleomycin A2 against the prolyl hydroxylase was decreased to 1/2 by prior hydrolysis with 6 N HCI at 37-C for 24 hours in a sealed tube. Hydrolysis with 6 N HCI at 105°C for 24 hours caused the loss of this activity. The hydrolysate, obtained by the latter procedure, contained at least 7 ninhydrin-positive products in agreement with the result of TAKITA, et al."'.
The stimulatory activity of bleomycin was not decreased by hydrolysis with 0.3 N H2SO4 at 80"C for 6 hours, which liberates the sugar moiety, 2-O-(3-O-carbamoyl-x-D-mannopyranosyl)-t--gulose'". In contrast all three treatments decreased the DNA chain breakage activity of bleomycin.
These observations indicate that the sugar moiety of bleomycin molecule may play an important role in DNA chain breakage, but that it is not necessary for the stimulation of prolyl hydroxylase activity.
The structure of the peptide part of bleomycin is indispensable for both activities.
As shown in Table 2 . Effect of bleomycin hydrolysate on prolyl hydroxylase and DNA chain breakage.
Prolyl hydroxylase activity and DNA chain breakage were assayed with standard assay conditions as described in Materials and Methods.
After bleomycin A2 was hydrolyzed in a sealed tube, hydrolysates were neutralized with NaOH.
The concentration of bleomycin A2 or its hydrolysates was 15 /cg/ml. Optical spectral studies revealed that a complex was formed between bleomycin and ferrous ion. The complex, studied under both anaerobic and aerobic conditions in the presence of ascorbate, exhibited a broad maximum near 480 nm. All the bleomycins and their hydrolysates, which stimulated the prolyl hydroxylase activity, form complexes with ferrous ion. In other words the bleomycin derivatives and hydrolysates, which could not make complexes with ferrous ion, did not stimulate the enzymatic activity.
These results suggest that the elements of the bleomycin structure which will complex with ferrous ion are necessary for the stimulation of prolyl hydroxylase, and that neither /3-aminoalanine amide moiety nor carbamoyl group in bleomycin play an important role in this action. The latter however are important for the effects on DNA chain breakage.
